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C
ells are fastidious about their 
internal conditions. But for 
scientists trying to decipher how 
collagen forms structures such as tendons 
and the cornea, the big question 30 years 
ago was how much control cells exert over 
their surroundings. In a tendon, for 
example, collagen molecules join end-to-
end to yield fi  brils, which line up alongside 
one another to create bundles. These 
amalgamations, in turn, cluster into 
fascicles. Most researchers thought that 
cells did little to aid the process beyond 
manufacturing collagen, according to 
Robert Trelstad (Robert Wood Johnson 
Medical School, Piscataway, NJ). The 
prevailing view, he says, “was that all the 
cell had to do was squirt this stuff 
[collagen molecules] into the intercellular 
space and—voila!—it would self-assemble.” 
Trelstad expressed his disagreement with 
that explanation in a ditty:
Self-assembly is a thought
That’s inherently complete
You merely have to state it once
It’ll automatically repeat, repeat, repeat…
It took a decade to amass evidence that 
cells take a more active role. In the mid-
1970s, his group’s in vitro study revealed 
that collagen doesn’t condense into fi  brils 
in one fell swoop, as many researchers 
had argued. Instead, fi  brils form in stages 
(Trelstad et al., 1976). Ten years later, he 
and colleague David Birk trained one of the 
new high-voltage electron microscopes on 
embryonic chick tendons. They identifi  ed 
three kinds of pockets in the membranes of 
collagen-producing fi  broblasts (Birk and 
Trelstad, 1986). One was a deep, narrow 
crevice that held a single fi  bril, like a hair 
in a follicle. The second, wider groove 
cradled fi  bril bundles, while the third, even 
larger indentation held clusters of bundles.
The observations suggested that the cell 
was orchestrating collagen condensation 
and fi   bril grouping by adjusting the 
contours of its membrane. Trelstad and 
Birk hypothesized that the vesicles that 
carry newly synthesized collagen stack up 
and then merge to form the deep crevices, 
where collagen molecules interlink into 
a fi   bril. The cell then manipulates the 
membrane that separates the pockets, 
allowing fi  brils to merge into bundles and 
bundles to band together. When it comes 
to making a tendon, “cellular control of 
the early stages is essential,” Trelstad says. 
A recent study expanded on the fi  ndings, 
showing how the cell guides the fi  brils 
into place using long protrusions termed 
fi  bropositors (Canty et al., 2004). ML
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An individual collagen ﬁ  bril (open arrow, left) joins a bundle (right). An individual collagen ﬁ  bril (open arrow, left) joins a bundle (right).
technique “opened the ﬁ  eld up to experimental analysis,” says 
van Meer. A few years later, Brown and colleagues proposed 
that the structure of the DRMs was due to a separate, less ﬂ  uid 
membrane phase regulated by tight packing of fatty acyl chains 
and cholesterol (Schroeder et al., 1994).
Many later studies on DRMs showed that raft-associated 
proteins were important for cell signaling and that movement of 
those proteins into the DRM fraction was associated with signal 
activation (for review see Anderson and Jacobson, 2002). But 
the harsh in vitro techniques of isolating DRMs and depleting 
membranes of cholesterol have brought much criticism to the 
ﬁ  eld about artifactual or at least, nonphysiological, results (Lai, 
2003). Pinning down what rafts look like and how they act in 
real time in vivo has been slippery. Most researchers agree 
that, if rafts exist, they are extremely small (25–100 nm) and 
transient. The technology for observing lipids in unperturbed, 
living cells has yet to catch up.
Ken Jacobson says “the raft concept looks good from our 
work on model membranes” showing that raft domains depend 
on cholesterol density and that GPI-anchored proteins partition 
into rafts (Dietrich et al., 2001). “But what is, if any, the in vivo 
correlate?,” he asks. “The membrane is a liquid structure and we 
are still learning how to derive structural information. There has 
to be lateral heterogeneity, but ﬁ  guring out how to really prove 
that in a compelling way still remains the challenge.” Brown 
suggests that raft formation might be regulated so that “the 
membrane composition is poised at the brink of raft formation 
and you need to ﬂ  ip a switch.” These stabilized rafts almost 
certainly function in membrane trafﬁ  cking, virus budding, and 
signal transduction. KP
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